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Introduction 

This manual is produced in response to a growing number of requests for a 
technical aid to explain methods for simulating cooling pond performance. 
As such, it is a compilation of reports, charts and graphs developed 
through the years for use in analyzing situations. 

Section II: Contains a report summarizing the factors affecting cooling 
pond performance and lists statistical parameters used in developing 
performance simulations. 

Section III: Contains the graphs of simulated cooling pond performance 
on an hourly basis for various combinations of criteria (wind, solar, depth, 
air temperature and humidity) developed from the report in Section II. 

Section IV: Contains correspondence describing how to develop further 
data from the graphs in Section III, &s well &s mathematical models for the 
system of performance calculation. 

Section V: Contains the formulas used to simulate cooling pond 
performances in a cascade arrangement, such as the Fermilab Main Ring 
ponds. 

Section VI: Contains the calculations currently in use to evaluate the 
Main Ring pond performance based on current flows and Watts loadings. 

Section VII: Contains the overall site drawing of the Main Ring cooling 
ponds with thermal analysis and physical data. 
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Cooling Pond Performance 

Report 



c Fermilab September 12, 1985 

Memo to: M. Palmer 

From: S. Krstulovich&struction Engineering 

Subject: Cooling Pond Performance . ,, 
Enclosed are copies of all of the calculated cooling pond 
performance curves displayed at the Main Ring Pond Meeting 
held on Tuesday, September 10, plus two (2) new series of 
curves (the E and F Series) defining pond stability during 
various semi-daily wind changes. Due to the very brief time 
allowed for calculating the thousands of points necessary, 
the curves are a little rough but certainly more than 
adequate for this type of evaluation. 

To summarize pond performance in terms of depth, it seems in 
general that thermal stability begins to occur only at 
depths of 3' and greater and that the benefits of increasing 
pond depth begins to diminish rapidly beyond the 4'-6" 
depth. The basic shape of the thermal performance curves is 
determined by environmental factors, while uniform loading 
of watts per square foot only elevates the .basic curve. 
Note that pond temperatures plotted are the logarithmic mean 
and can be extrapolated for any desired Dt. Increasing pond 
depth does not do much for .reducing the average daily pond 
temperature for any condition, but rather serves only to 
minimize cycling extremes. 

The major factors affecting pond performance (outside of 
watts per square foot loading) are listed here in descending 
order of importance. 

1. Wind Velocity: This affects pond cooling more than 
any other single factor. The A thru C Series of 
curves are calculated for a reasonable daily 
average wind of 5 mph. The D Series curves 
represents the extreme case of absolutely no wind 
for an entire day (a very unlikely possibility due 
to uneven solar surface heating) and should be 
viewed as a limit rather than a true condition 
because of the importance laid on thermal stability 
(due to magnet piping failure at stress 
intensification points). In view of the real 
possibility of daily wind velocity cycling, it was 
deemed worthwhile to generate the new E and F 
Series curves defining the two extremes of wind 
variation effects. The E Series curves depict the 
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2. 

3. 

4. 

5. 

rather common phenomenon of breezy days and still 
nights. The curves illustrate that this tends to 
enhance thermal stability (with the exception of 
ponds in the 1'4" depth range which tends to 
overreact) but at the expense of creating slightly 
higher average temperatures than during steady 
daily breezes. The F Series curves depict the less 
common phenomenon of absolutely still days and 
breezy nights. The curves illustrate that this 
also causes higher average daily pond temperatures 
and is, by far, also the most thermally 
destabilizing condition. The case depicted of 12 
hours of steady wind followed by 12 hours of 
absolute calm is rather extreme and.can be viewed 
as a sort of limit for non-critical applications. 
These curves are also valuable in obtaining a 
general feel for pond reaction times under the most 
extreme conditions. 

Atmospheric Solar Extinction: The reduction in 
solar energy due to atmospheric phenomenon is next 
in importanoe. However, since the curves represent 
the worst condition of full sun effect and since 
the capricious occurrence of solar reduction will 
only tend to make ponds cooler and generally more 
thermally stable, it was not worth depicting. 

Absolute Humidity (Dew Point): This phenomenon 
ranks third in importance. It is generally a 
rather stable condition on a daily basis (not to be 
confused with wet-bulb temperature) and provides 
incremental leverage to pond surface cooling rates. 
The A Series of curves illustrates a daily 
variation in dew point, and the A thru C Series 
curves depict different dew point levels. 

Air Temperatures (Dry and Wet Bulb): These also 
affect pond cooling. However, their importance is 
not very great. The effects of changes in dry bulb 
temperature is reduced by the difficulty in 
transmitting heat down into the pond surface. 
Although the wet bulb temperature theoretically 
sets the adiabatic limits of evaporative cooling, 
pond approach temperatures are not generally close 
enough to be seriously affected. 

Pond Bottom Heatinq: Heating of the pond bottom to 
temperatures above water levels is due to direct 
absorption of solar energy at higher rates than can 
be transmitted to the pond water through the bottom 
film coefficient. This phenomenon rapidly 
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decreases with pond depth and turbidity. Its 
general effect in shallow ponds is to store heat 
for gradual release at night. This keeps ponds 
warm longer and helps to shave peaks in temperature 
thus contributing somewhat to thermal stability. 

6. Turbidity: This contributes to greater temperature 
stratification in ,deeper ponds, but on the whole, 
little affects general performance within normal 
ranges. 

SK/am 
Attachments 

cc: C. Anderson 
L. Even 
A. Glowacki 
F. Krzich 
J. Morphey 
W. W. Nestander 
T. Pawlak 
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III 

Cooling Pond Performance 

Criteria Graphs 
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Cooling Pond Performance 

Temperature Extrapolation Formula 

and 

Mathematical Models 



January 8, 1986 

Memo to: J. Satti, AD/Mechanical Support 

From: S. Ksstulovich, Construction Engineering Servic 

Subject: Cooling Pond Performance AT Extrapolation Formula 

Per your request in evaluating upcoming pond work, 
please find enclosed documentation pertaining to the cooling 
pond performance AT extrapolation formula ' 
September 17, 
attached). 

1985, letter to Max Palmer (pages 1 anAn 0:"; 
This formula is an extrapolation of the familiar 

(LMTD) "Logarithmic-Mean Temperature Difference" formula 
(page 3 of 7 attached) used in evaluating heat exchanger 
performance which is, of course, what a cooling pond is. 

Analyzing the model heat exchanger 4 of 7 
attached), 

(page 
we derive equation 3 through logical expansion of 

equation 1 (from equations 5.34, 
7 attached), noting 

5.35, and 5.36 on page 3 of 
the thermodynamic limit 

approaches To 
that Ti2 

3 as boundary area approaches infinity. 

Referring to a typical "Cooling Pond Performance 
Curves" sheet (page 5 of 7 attached), we note the following 
equivalence in cooling pond terminology. The 
Square Foot" 

"0 Watts per 
curve (Zh'T) represents the thermal quality of 

an equivalent infinite heat sink, whose To and To 
virtually equal and whose characteristic i are a d$ri% 
composite of the solar, convective, radiative, and 
evaporative effects on the pond. 
Mean Temperature" (DLMT) is 

The "Design Logarithmic 
the resultant pond log mean 

temperature corresponding to the design pond heat loading in 
watts per square foot and is by definition the sum of the 
ZWT plus the equilibrium LMTD at the design watts per square 
foot loading. The numbers at the extreme right hand of the 
"Cooling Pond Performance Curves” 
pressure in inches of 

are the saturated vapor 
mercury corresponding to the 

temperatures on the left hand of the curve sheet. These 
were used in drawing up the original curves but are 
irrelevant to thins discussion. 

Analyzing the model pond (page 6 of 7 attached) we 
derive equation 4 by definition of DLMT and correspondence 
with equation 3 :tozitpage 4 of 7 attached), noting the 
thermodynamic that Ti 

*$ 
(LWT) approaches ZWT as 

boundary area approaches infini y. 



Finally, by permutation (pages 6 and 7 of 71, we obtain 
the "Cooling Pond Performance "T Extrapolation Formula" in 
equations 11 and 12. 

SK/am 
Encl: As Noted 

cc: C. Anderson 
L. Even 
A. Glowacki 
F. Krzich 
J. Morphey 
W. W. Nestander 
T. Pawlak 
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Feptember 17, 1985 

$# 
Memo to: M. Palmer 

From: S. Krstulovich, Construction hginecring ScrviccS/, .-/i&&Q _ 

Subject: Cooling Pond Performance CT Extrapolation 

The following example may be useful for approximating pond 
entering and leaving water temperatures from the cooling pond 
performance curves for any desired AT. 

d 

h-' LWT=EWT-AT 

II; 

AT = 
EWT = 

Desired Pond Water Temperature Drop 

LWT = 
Entering Pond Water Temperature 

DLMT = 
Leaving Pond Water Temperature 

ZWT = 
Design Logarithmic Mean Temperature at Selected Watts/SF 
Pond Temperature at Zero Watts/SF 

EXAMPLE: Approximate Pond EWT and LWT for a 4'-6" Deep Pond 
Loaded at 20 Watts per Square Foot at Noon with 
Right Wind Variability Effect for a 25' AT 

From Chart 3F: ZWT = 84 
DLWT = 92 



EWT = llO°F 

LWT = (110-25) = 85°F 

SK/am 

cc : C. Anderson 
L. Even 
A. Glowacki 
F. Krzich 
J. Morphey 
W. Nestander 
T. Pawlak 

ATTACtir(CrdT 

eA,e 2OF7 
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Cascade Cooling Ponds 

Performance Formulas 



CASCADE COOLING PONDS PERFORMANCE FORMULAS 

ACTUAL POND LEAVING WATER TEMPERATURE (LWTI: 

LwT=EW- [ [EWT-ZWT] [l- l+:,t ] “1 

EWT = Actual Pond Entering Water Temperature 

ZWT = Maximum Daily ZWT from Criteria 38 

fht 
= Phycical Heat Transfer Factor: 

f tit=* 

A = Actual Pond Surface Area 

AAVG 
= Average Pond Surface Area 

Q = Actual Pond Through Flow 

‘AVG 
= Average Pond Through Flow 

a = Thermal Heat Transfer Exponent Factor 

= = Loglp 
[ 

EWT-ZWPP-ALT 

EWT ZyrP 
_ 

I 

A LT = Pond Leaving Water Temp. Difference Thermal Factor 

A LT = antiloge age (EWT-ZWT) 

6 1 



/ 

AT 2 
ri,-TQJ 

\ 

c 

SWWACS SOUNDAL~ 

:LWT) Ti 2 ,1’ H&AT 5ouRce 

Al CEW -LW+j 

FERh4tLA.B 

@ ENGINEERING NOTE 
.ICTION PIOJZCT .E”IAL-CATECOI, CICE 

ltJB,ECT macJUNT 4OF ~ N.YE 
kc;T E%dAl)btr: MODtL 

5.f: kLpsruLcvIc+ DATE 
1-9-8b 1 “EVISION D.TE 

A NOTE: S SUWACE %urJDaRy A~~Wh,Ct(ES NFIAJIT y 

7, AWltoACc(5S 70 2 

LOCI MEAE~-~FPIP. DI~FECEGCE <CMTD) = AT,,, 

i&l) e’. 

zQ.2) :, 

%?.?ii 6 *. 

AT1 - AT-z 
AL = 

’ ( OcJr A-h 
A-L -I 

LrnD-= (EWT-TO,) - (wT-T~~) 

‘036 
EWT- - To, 

LWT -Tat 

LM-to = (WT-T,,) - (EWT-T~~-AT) 

co3c EWT - To, 
b/T-Tiz -A-'- ) 



VII 

Main Ring Ponds 

Thermal Analysis Drawing 



6 = Thermal Cooling Derivative 

6= 
Lwc (EYPr,,, - ZW 

tog, ( L\rr,,G - zw) 

AVERAGE POND ENTERING WATER TEMPERATURE (EWTAVG): 

E!#TAvG = ZWT + 

- [ =tilot+ [ mEzwd] (ATI 

antilogE 
AT -1 

lr.xmmT 

DLMT = Daily Maximum DLMT from Criteria 38 

AT = Average Temperature Rise from Heat Loads Pond-to-Pond 

GENERAL FORMULA FOR CALCULATION OF LOGARITHMS TO 

THE BASE l/2 FROM COMMON LOGARITHMS (BASE 101 

Loq(J x 

h3l/~ x = 

Loq* 112 



VI 

Main Ring Ponds Performance 

Calculations 



FERMILAB 

t# ENGINEERING NOTE 
SECTION P”OJLCT *ERI*L-t*TEGOR” PAGE 

cemxti 30 I/ 1 
SUBJECT N*YE 

S.-F. WLLesTuLovlc~ 
MAIQ alNG POUOS - AVLCA~,~MC, P~.KAWETEK~ DATE REVISION DATE 

31 l”,A’f 1980 

AvEIZJ+C;E POPJO CdecuLbTrh)G F~or)! (cl NG) 
poo 4Pr-l PRbT--hLy cw FLOG4 - G1Ve-d 

,%\)EKhGE. PO&l!= TE,‘,i%KATU)leE RISE : ( AT> 
LC’d J\t5TEMS = 24 Eh. X 1000 <fW y 2 .q’f e,sc = 6q G 00 

Cew c~~~F~s~Ls= BSA x 12oo G~fl~7.3*q e,sE = 70080 
Rf tttof SITE5 = ilC,,.x2000 <PM KIo.‘L’6 63G.E = @800 

-I-o-rnc = ~80,48d 
\8O,LL80/(2~~~~0 5 x 1000 4pf.l pa,r+4u’( cw FL-J) = 7.5 ‘i= 

h#wzzAhE PONO 5vRFACE ,&x-i?.! c A AWL;) 
1,‘78,780 TOTAL sj= /2$ s~c-roes = $9, II6 SF 

* h)oTE: t%rJos 24,zr42b compe~sE DhlE SEC-r~+L 

Avwzhcz POAIO EWT $ LWT : 

(Few CIZITC~IA 36 c 20WbTTS/sf : ,&/T = 84-F, DLMT,*los= q0.F) 

EWT = ZWT + 
(-+-bqe &?LWT 1, (A-d 

C 

= PL\ 

* 

hfT = 94,s -1.5 C,T = 87 ‘F 

P -MC, AUEE~GE 6 QERIVA-iI\JE : 

= 2di2zcL 

AUGQC,GE. Pou.0 kl-\m~ LOAD cwmrs /SF>: 

LCW 5ys.TEfl-s = 10*2 rqE6,OWA-rTS 

CL?,0 &W‘-6--~5 = lo. 24 fl~,$A’,dTTs 

erb cm= 5rce-s- 6 .o ME(~ALGOTTS 
TOTAL = 2d.44 MW 



PotiD - PHYSICAL PARAMETERS 

MA\hi RI-6 

POND -=C-l-to4 

,I I I 

P Oh)0 Nd. 15 (b> iq5000 SF looo*PY Cd .40 

(CoWJuED Or3 ‘StiEET 2/Z) 1&SLlt’lE5 MCKE’JP *+ASSUF165 OVSRFLOW 



M AI~A ?ARAMERZ~ 

v 204oorF 32CQc;pn cw .13 

P 013~ I&. 24(b) 12000 r!= 2000 CPl-l cw .lZ 

PotiD tdo. 25 19800 SF 1000 4Pr-l cw -40 

e oh)0 &J. 26 tq110 SF 2200 4PM CCL\/ .18 i 

+ A5,x 100~4rt-7 
Hf = 49 I l&p” G&?rr\ 



FERMIL.4B 

# ENGINEERING NOTE z:% 
P”O.lLCT sERI*I-C*IEGOR” P*GE 

S~Z.lYOWl CRITERIA 30 I/IO 
SUBJECT NAME 

-Tu,PE~A-w~~ %.~FLE CACS. 
S.F: ki~5TUcOv~d- MAIN RING %.ms DATE 3, MA‘( ,ss8 I)EYISION o*TE 

Po,.,D b-b. 1: (f,-,Ta I.oi) 

E.WT = 89.5 WA.9 = qZ.‘t’F 

ant;\og,CCog~(92.4-8~~6~ = 2.70 
(97.4 -84 -2.-lo)/(q7.‘i-S~~= .68 

:y&+*-;;;& l/l + J.o,,y55‘ = 5.7 
’ LW-J= qZ.‘t-5.7 = 86.7’F . 

P oh)0 b&.2: CfHT” .m 
EW-f= %A.7 +z.J=u 

4n+:I~~clcqt(89.6-B~~s)= 2.2v 
(8q.b-&c-2.2~)/cgq.6-~~)=.60 
Coqvr. 60 =, 73j(P 
cIT=(8q.b-8~~)cI-LI/l+.8q1);13‘= 3.2 

:. &d-f= gq.b-3.2= 86.q’F 

Pmm Mc.3: (fn= -88) 
w-i- = 86.~ +2.9= 89.3-F: 

*Wtilmg, (1~,&?4,3-84ys-l= Z.lS 

(8q.3-srl-z.ls~/~89.3-8~~=.S9 

~c-,t/r .S‘?= ,761 
AT' (8q.3~&)(I -~l/,+,881).“'= 3.0 
.'. LWT: 8q.3-3.0 ~86. "F, 

PL-FJD & Lt-q : (f,+T=.3?b 
E.w-r=86.3+2.9=89.2'P 
svlti\oge (leq~(Bq,Z-8V)/S\)~ Zalb 
(BS.2-8~-2.lb~/(Bq.2-8~\)= 6% 
Lqvz .ss = .785 

AT = (B9,~-8~~(,-Ll/lt.3~])-7sr= 1.7 
.‘. I-W-I--- 8%2- I.7 = 87.5.F 



4# 
FERMILAB .ECTIOH PIOJLCT *EII*L-tlTEGOR” PACE 

ENGINEERING NOTE ZwT-84 6=2.1+31~ CRITERIA 30 Z/IO 
SUBJECT NAYE 

s.c )Lesl-~LLO”IC 4 
MN~ Et-q P.&OS -TEVWE~ATJ~E PCIOFILE: CALCS. DATE I)E”ISION DITE 

31 VIA-l I988 

PONO hlo. 4b : @-n = .75) 
EWT- 7.3+~c(2~~W87.~~+(l000x87.5)3/,200 
antilo\d (Co\~Cq4,8-~$)/Sl = 3.0+ 

‘p4.8”F 

194.8-8~-3..b~/Cq4.g-B~~= .72 
coy t/z .72 = .373 
AT = C9kB-&>(I -[I/,c.,~J)‘~‘~ = 7.2 
. ~.L*l-r= 94.8-7,2 = E7.6’~ . . 

re?.Jo uo. 4c : (fA7 = .67) 
EWT = (Qnt ~5 ‘+b) = q’i.8.F 
antibqe clo~&.6-8w = 3.04- 

%,dD NO. 5 : (f+lT= 1.0) 

EWT 2 87.8 t Z.9 = 90.7OF 
anti l”Je (lq&L7-8&s~= 2.43 

(=?a-/-84 -z.43-)/((qo.-l-B+ a 6+ 
h,/z .6Lt= -643 
A-l-=(qO.7-8d\(l-~I/I+ l.0~l.‘y3= 4.3 
:. LWT= 90.7~43-u 

Pohlo IL. b : (fM= .SSl~ 
~-w-r = 86.s +2.‘=l= W.3-F, 

sn+\ogG ~b,&t.3 -t&‘+ 2.18 

(89.3 -84-2.18~/(89.3-s4= 59 
Co.-J,,t .59= .7&i 
aT=(ss.~-s~~C,-CI/r4.asl).7L’= 3.0 
- _ . LWT” 89.3- 3.0 =636.39= 



FERMIL*B C”O,ECT SERIAL.CATEGORY PAGE 

## ENGINEERING NOTE ;:;k S=2.1~0314- c12\-r~r+,3~ ~/IO 
SUBJECT NAME 

5.E KesTuLo~~c4 
M~nti RNC\ PONPS-T~IPE~CATVU~ ~ZOFILE &LCS, DATE IIEVISION D*TE 

31 MAI 1788 

PO,0 do. 7 : &u-.30> 
EWT = [(,oo. r~86.3+i?.=d)+(ZcW xLB=i. I +lO.2~)1/3000 = =l5.q ‘F 

qntilo>G ([0~~[75.9-84J/E>= 3.L8 

(95.9 -8+-3.l8)/c95.q -84= .73 

coq’/2 .73 = .4s4 
A7 = cs5.9-8~~(,-I:I/I+.~~l~-~*C) = 6.1 
:a LWT = 95.9 -6.1 = 89.8-F 

Pohlo b!Io, 89: (fur = .l3) 
EWT- ~(1000~~8~.8+2.q~)+(Zo~~~8q.8)7/30~0 =90.8’F 

snt;Ioqr((O~&10.8 -slu/s)= 2.45 
(90,8-84-z.4S)/(qo.8-8ll)= .6+ 
lay \,2 .d‘t= .6‘+3 
Al- = (q6.8-8~~(~-L(/,+.~~~)‘CS3= 1.7 
.‘t LWT=So.8-1.7= gFl*l”F 

P OUCJ t&z. 8b : (f+~ = . \7) 
&‘+./T = (DIPEcT LWT FQor( &J-.89.\. 

antiIoqE( lO~~(89.1-84/S)=2.l$ 

(8q.(-8~-2.1~)/(89.1-8~~= .58 
by ,,= .% = .785 
A-t-= t8q.I-8~)(l-~I/I*.~,1).78s= \. 1 
.‘. LWT = 89.1 - I.\ = _86.O’F 

Poti~ No. 8 c: (f,,= .~o& 
kWT= 7,3’+~(I+oox q3.2)+(~ooox8B.o~Z4oo 
antilogy CLo~,(98.3-Ba/r)= 3.47 

= w*f= 

(98.3 -84 - 3-L)7)/(%%3--8~)= -76 
Coq,/r.76= .3q5 
AT= C?8.3-84(l- L l/l + .081)-3q5= 5.1 
.‘t Lw-r-q8,3--,I= 93.2.F 
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SECTION ClOJECT .ERllL-t*TEOOR” PACE 
ENGINEERING NOTE zw-r:& 6:2.Plo3t‘i CRITE~EIA 30 ~/IO 

MAIN EntiJc, PmdDS - -~~EMPEPATLIIPE j+,fwE CALCS. 
5.f. ~K5-rL,LC”lC~ 
DATE REVISION DATE 

31 MAY 1988 

POND k-b. 8d : (ftn =.rr) 

Ew=(&-x AS 8~) = 98.3-F 

Qfi-t-iloqe (lcqe c%.3-8h/s)= 3.47 
(98.3 -a+-3.47~/(%.3 -s+j= .x7 

Loqvt .76’.395 
A-r’ c98.3-81cxI-cl/1+.~~l~3qs= 9.0 

.'.Lw-i-- 98.3-=l,O= S=i,3,'F 

POND No. 9 : (fl+T = I.01 
bT!- = 89.3 +z.q = 72.2 ‘F 

Sntiloq, Clocj, (92.2 -8+)/S) = 2.67 

(92.2 -84 -2.67)/(qz.2 -8d)= -67 
COT HZ .67= .s77 
AT= (g;?.2-8c-I)(,-O/l+l.0]~577= 5.5 
.I‘ LWT= 92.2 -5.5 = 86.7’F 

POND do. \o : (f,,T = .8q) 
EWT- 86.7 +2.9=84.b-I=- 
ant;toq, (LO~,(8~.6 -841/6)= 2.2Lt 
(89.6-8~-2.24~/(sq.6-84~= -60 
LB-J vz .Lso= .736 
AT=(8q.6-8~~Cl-Ll/lt.~~).73d=3.2 
,‘,L~T=B7.6-3.2=8d.$‘F 

Patio No. 11: &,= .@I) 

EWT= 86.4 +X.9= 69.3-F 

ahf:Ioqe CC0y~(89.3~2.18 
(89,3-&1-2.lg~)/~~,3-8LcS=.59 
coyv* .59 = .-7-d I 
AT= (sq.‘3-8LC)((-[L\/,+.$q~~“‘= 3.0 
:. lhrr= i39.3 -3.0 = p4.3=f= 



4s 
FERMILAB .ECTION P”O,LCT sERI*L-CATECOIv P*CE 1 

ENGINEERING NOTE ZWT =B+ 6=2.1Yo31+ CRITEKIA 30 5/iO 
SUBJECT NAYE 

MAWJ PIWG POQPS --kMpe(a-rveE P&FILE &a~. 
S.F. ~rz5-ruccvlct-l 

DATE “EVImION DATE 
31 rlau 1988 

POND hlo. 12q : (h-r= -68) 
Ew-I- = 8b.3 +2.9 = 89.2”F 
antiloge (cog, Cm.2 - t3ws\= 2.Ib 
(8q.2-8~-2.I(D)/(gq,2-g~)= .58 

co3 l/Z .5& = .7&s 
A-r = CS=t.z--84)(I-cl/l +.d81)‘785= 2.6 
. t-w-r-= 89.2 - 2.6= 86.d~F . . 

two No. 12b:(frlT=.%-l 
EWT= 86.6 +7.3 =3’J.q’F1 

ant;Icq, (Lose (93.9-84YSl= 2.92 
cq3Fi-84-2*9z_)/(cI3*9 -84= .71 
coy I/Z .71 = .494- 
~T=Cq3.4-8LC~C\-CI/I+.38~~~~Lf= 5.2 
.‘.Lwr= 93-q - 5.2 =m 

PerJO tie. 13: (f,,= .8d) 
E;~T=C~loocxC88.7+2.9~~~~2~~r88.7~]/;2o0=q~.1~~~ 
Cb-tibgG (Coy, Cq~.I-S4>/S)= 2.5 
(91.\-84 - z.s)/(Sl.l-Sd)= .65- 
1 04 \/z .65= -621 
A-r’ ~91.1-~~~C’)C-~l/l+.0~l)“2’ =4.+ 
a’. LWT =qi.1- 4.4 =8d.7’ 

eun h)o \J:ht-=.7Q 
E~~=~(loebx(8~~7+2.~~~+~zoox86=l~;l/,2bo =89.1-F 

4nti\0qe CL*,, (sq.r-84~)/s~=z.lLf 

(WI.\ -84-2.I4~/@w34~= .5-B 

loq ,,‘L ,58 = ,785 
AT=(8q.,-ar\~(I-I:I/\+.lLf~~~785~ 2.6 
*‘~LWT= &3q.\- 2.6=&6.5?=--- 



FERMILAB .E”IAL.CATEGOR” PAGE 

0 ENGINEERING NOTE i;a,, ,‘1”;::;,,,, CCITE~IA 30 6/m 
BtJeJECT NAYE 

5.F. LLLesTuLoVlCCI 
1 MA,,.’ RI- PONDS- ~OIPEEATU,P& PEOF,LE CALCSI ‘DATE REYISION DATE 

31 MA-l 1985 

POND do. 15a : (fm = Al) 

fWT=L(looo x(56.5~2.9~+~'L~ox86.s~/Izoo = as.q”F 

Rrlfi IOqc ( 103, (as.9 -84/S)= 2. IO 
C 88.“l- 84 - Z.lO’)/(g~.‘? --sh)= .57 
ccq I/Z .57 = ,810 
AT= (88.q-8~)(i--Cl/,+.~l~),8'0= I.8 

,' < l-w-l- = i3a.q - 1.8 = al.l"ps 

Otis hlo. \Sb: (&r---.40) 
EWT = c D\aecT LWT Fl?OJ-l lSR>-- 87.l”F 
ahtilog, (10Q (87-l -84~LE)= i-70 
(87.1 -bG-l*7’)/CS7.l -84>= l 45 
Log ,,r ,4s = 1. I5 
AT= (87.1-8~~(~-~~/~+.liO~~‘.Js’ a.7 
.*. LWT = 87-l- 0.7 = 86.4-f 

P0t.m tie. Ibq: &T= .5b) 
E\crl-T = 86.Lc f 2.9 = 69.3 ‘F 

av\tiIcqe (loge CSS.3-~)/S)= 2.18 
~s~.3-s~-2.la~/css.3-sLt~=.5q 
cog,,, .s’=i = ,761 

AT= (8q,3-8~)(~-[l/,+.56~)‘7c’ = 2.4 
.I, LWT = 5’3.3 -2.~=~6.9’+=- 

P OUP No. Ibb: (f,.~=.&o) 
EWT” 7.3~-)(Zoo~i.O~+~~o~ox86.5)]/,~~~= q+,+-F 

mr:loqr (l”q& C94A -8$Vs)=2*9q 

(94,& -84 -2.99)/c444-84)= .l\ 

loq i/Z .l I = .‘19q 
n7=(94.4-s~~(\-L,/~+.60~~‘1q~ = 6.+ 
.‘. LWT= qq.4 - 6.4 = &3.0°FL 



3 
FERMlLAB 

I 
l LCTION P”OJlCT *ERIAL-C*TEGorl” PAOE 

ENGINEERING NOTE zw-r=& S=Z.IW~~-C CRITE&A36 ~/IO 
SUBJECT N*YE 
MM.J F&ti~ BUS -TCPIPHZATOQG PRO,=,L~ C 

5.f. tLe5-ruLov1ct4 
ALCS. D*TE 3, MAP ,488 r)E”ISION DATE 

P O-D do. IL c : &T = .46) 
EWT= (SAME A% ldb>= ‘-t 
ant;\oge c 1OQ Y c4Lt.q -S’-t> /S = 2.94 
(94.4 -84 - 2.9WC4~.9 -Es+>= .7I 

I loq,/z .71 = .‘149 
AT = (qLt.Lt -8l))(l- h/,+.%$+qq = 5.9 
.‘a LWT = 9’i.q -5.q= 88.5-F 

Pot40 tie. 17 : (flu- \.611 
ELSI-r = 88.5 +2,9 = qt.‘+?= 
antiloq, (lOg,(9l.q -N>/SJ=J.55 
(41.Ct-8~-2.55~/(9\.~-8~~=.6b 
cog ,,2 .6b = .sqq 
P7=(~\.Lt-8~)~I-LI/I+I.ol~~ ‘5% 4,q 

.~.LWT=4I.~-4.q=86.S-F 

POND t-Jo. I6 : (fc(-r = ,239) 
EWT = 86.5 +a.q = s=i.Lt’l= 
antiloge (CoqG(89.4 -84)/S)=Z,ZO 

(89.L(-8Lc-2.20~/(89.ct-8Lc~= .5q 
coq\/z .5-l = -761 
h-r= (8q.Lf-~~(l-Cl/,+.8q7~7“=3.0 
:. LWT = 84.L) -3.0 = 86.4’~ 

P OrJD hla. 19 : lftit= l.0) 
EMT = 86.$ +2.9=89.3-F- 
htiLo4E (C0q,(aq.3 -84Ys) = 2.10 
(89.3 -84 -2.lSM89.3-a4= .5jq 
c 0% L/p- .54 = .7GI 

AT = (8q.3-84)(I-Ll/,+,.o~~.7e'= 3.1 
.‘I Lw-r= 89.3- 3.l= 86.2’F 



FERMlLAB 

@ ENGINEERING NOTE zw-r=s& S=Z.I~O~I+ cwr~e14 30 S/IO I 

‘ECTION P”OJtt.cT *Elll‘.C*TEOOR” PAGE 

IVB>ECT NAYE 
5.F. ~LsrYLOYICl4 

MAN R,NG Po~ce- TEMPEKAT~RE PCZOFILE CALLS. DATE mEYI*ION OITE 
31 MAY 1488 

PoLlJo No. ;Zos:(fAT=.Lt+ 

LWT = 86.2 r2.9 =s8q. I’F 

4Wtiloge (LOS, (Fl.l- 84>/Sj= 2. I4 

t8q.l - 84 -2.14))/@9. I-84) 5.58 
C*ylyr .58 = .785 

h-r=(&l,I -8~~)c~-[l/,t.lt9~).785=2.) 

.‘.LWT~sq.1-L.(=87.0’~ 

P o No. 2ob : (fa =. 13) oh) 
Ev.f-f-= 7.3 +L(l4oox(9l.q~ +Clo~or87.0~l/~Ltoo = 97,3Or= 
qntiloq,(CoS~~91,3-8LC~/S~= 3.334, 
c97,3- 84 -3.3wf37.3 -s(c)= .75 
LOT I/?- .75 = .$I5 
AT=(q,.~-sJ',(~-Lr/1+.131~.4'5= 5.4 

.‘.LW-r” 97.3-5.q= 91.9-F 

Poao No. 20~: C&=.37) 
EWT = (SAME AT, FO= 2ob>= 9-r.33’F. 
4nt;loq~ (b& (97.3 -8Jy)/6)=3*35 
(97,5 -s4-3*35v(w.3+34~= .75 
coq ,,z .7s =.w 
AT=(41.3-8~(l-[:I/l+.3737‘1).L1’5= 7.7 
.‘. LWT = 91.3 - 7.7 = 8q.6.F 

P ON0 MO. 2\ : (fqr=- I.09 
Eb.lT= a-=t.r,+2.q=_q2.5”j= 

QhtilOq~(~og& (92.5-8~))/s)= 2.72 

(92.5 -s4-2z7zvc920s -84~=.L8 

Co=-, ,12. .68 = .55b 

h-r =(92.S -8~~(l-LI/,t,,ol]~556= 5.8 
*‘, w-r= 92#5 -5.8 =n 



FERMlLAB SERIAL.CATEGOR” PAGE 

# ENGINEERING NOTE ;:;k.L ;;;;oar aw~raq313 9/a 
SUBJECT HAME 

MAWI PING, POUNDS -TEMPQZATU~G P&FILE TALCS. 
5.F. kce%.-ruLOVIC~ 

OITE 

P OtiD No. 22 : &4-r=.& 
Eb4-r = 86.7 + 2.9 =,m.b”F 
anTi\ ale ( CoqG (aq.6 - 8LcI/ s)= 2.24 
(8~,~-8~-2.2~)/~8~.b-~~~= .do 

Loq \12 .60 = .-I36 
AT =(8?.6-&)( \-LI/l+.8~-j)*736= 3.1 

_I. LWT = 89. b -3. I = Bb.‘;“F 

3, Map \q88 IEVISION DATE 

PotJO No. 23 : &r= .‘-I11 
EM-r= 86.5 +2..S=SS.4’f= 
qv\ti loq .= ( Lye (WI.4 -WYs)= 2.20 

(89,~-8~-2.20)/(89.~-8Lc)= .5q 

103 \12 .5=t= .761 
L.-T= (as.LC-SL\)(~-LI/I+.q,~~.7G’= 3.1 

s’, LWT = 8q.J -3-I= gb.3°j= 

Pohlo No.1 4-a : &lT=.l31 
EW-r = C(22OQX 9l.41 t(looox 8%2y/3Zoo=_qo.-pp 
c4nt;loq~ CLq, ( 90.-f-src)/sJ= 2.43 

(90.7 -B-i--2,43)/(90.7 -Bq)=. d‘t 
c . 6Ljy= -633 

A;:(:*7 -s+)( I- c f/I +.13-jy43 = 1.7 
.‘I ‘.mbiT= 90.7 - I.1 =Bq.O’F 

POLJU 6. 24b : (fin= .121 

EWT = (DIUCCT h-4-r i=eom 24g>- g.O’P 

qntilogi Cloy.= <@I.0 -SA>/S)=Z.tZ 
(a=l.o-8+ - 2.\z)/(tW.o-84-)= .58 
coy \/z .58 = .785 
AT -- (89.0 - t%)( i-L,/, +.,Z71.785= 0.7 
\-. LWT= 89,o - 0.9 = 88.I”F 



3 
FERMILA8 

I 
.ECTION 

I 
P”O,ECT l ERIAI-CAIEGORI CAGE 

ENGINEERING NOTE ~W-I- = 84 S=2.W0314 CR,TEP,A30 lo/ IO 
SUBJECT H.YE 

t-‘lAbJ f?,hlG po*3PS -~Et--VEtLAToPE &OF,LE cA,c5. 

5 .F. Ge.TuLevr L4 
O,TE 3, MAP ,488 r)E”ISION DATE 

POFJD t&J. 25: (frl,= .+o) 

EWT = c(l200 (8%0+7.3)) +(2OE30 (88.i + kLZ)i~/3200 = q-/.&-F 

sntiloq~ cc-), (97.6--84/s>= 3.39 

(97.6-&-3.39)/(97.6 -8L()= .75 
co-) L/Z --Is= ,415 
P-y =c~-f.6-8~(l-L1/, +.4ol)*4’s = 8.1 
.‘. I-W-r-= q1.6 -8.1 = 87.5’F 

Poti hjo. 2L : (fhT =. 18) 
EMT= {SAME A5 Fo(L 25) = 97. (o-i= 

qfitiloq~ (loqe (97.6 -84>/S)= 3.37 
(97.6 -84 -3.39’)/(4l.b -S+>= -75 
loq ,/2 .7s = .$I5 
a-l- = C97*b-~S~(I- LI/,+.l87p= 6.2, 
,a. Lid-r= 91.6 - 6.22 91,3-f= 


